Previous studies have found that differences in brain volume among older adults predict performance in laboratory tasks of executive control, memory, and motor learning. In the present study we asked whether regional differences in brain volume as assessed by the application of a voxel-based morphometry technique on high resolution MRI would also be useful in predicting the acquisition of skill in complex tasks, such as strategy-based video games. Twenty older adults were trained for over 20 h to play Rise of Nations, a complex real-time strategy game. These adults showed substantial improvements over the training period in game performance. MRI scans obtained prior to training revealed that the volume of a number of brain regions, which have been previously associated with subsets of the trained skills, predicted a substantial amount of variance in learning on the complex game. Thus, regional differences in brain volume can predict learning in complex tasks that entail the use of a variety of perceptual, cognitive and motor processes.
Introduction
It is well established in the cognitive aging literature that as we age, particularly after 65 years of age, we exhibit differential decline in both brain structure and cognitive functions. Regarding grey matter brain volume, effects of aging are greater for frontal cortex (Jernigan et al., 2001) , basal ganglia, hippocampus, caudate and cerebellum than for the entorhinal, anterior cingulate and primary visual cortex (Kennedy et al., 2009; Raz, 2000; Wong et al., 1984) . Age-related cortical thinning is also found to be differential with temporal cortex being spared more than other cortices; the greatest rate of regional thinning was found in primary motor cortex whereas the greatest magnitude was found in inferior prefrontal, precentral, and supramarginal regions (Salat et al., 2004) . Regarding cognitive functions, fluid abilities decline more rapidly with age, such as processing speed, mental rotation, working memory, multi-tasking and reasoning (Bopp & Verhaeghen, 2005; Schaie, 1996; Sliwinski & Hall, 1998; Verhaeghen, Cerella, Bopp, & Basak, 2005) , but verbal knowledge is relatively spared (Ghisletta & Lindenberger, 2003; Park et al., 2002) .
However, there are but a handful of studies that explore this structure-cognition association in aging brains. With regards to executive control functions, better performance on the Wisconsin Card Sorting Test, as measured by fewer perseverative errors, has been associated with larger volumes of prefrontal cortices, because there exists an indirect relationship between volume of prefrontal cortex and age-related increases in perseveration; this relationship accounts for 25% of age-related variance in perseveration (Gunning-Dixon & Raz, 2003) . Age-related reduction in brain volume of the putamen and the frontal cortex are moderately correlated with neuropsychological measures of working memory and other executive control functions (Gunning-Dixon & Raz, 2003; Raz, Dixon, Head, Dupuis, & Acker, 1998; Raz & Rodrigue, 2006; Raz, Williamson, Gunning-Dixon, Head, & Acker, 2000) . It is possible though that the structure-cognition relationship in older adults could be mediated by other factors, such as, dopamine receptors; that is, age-related decrements in dopamine receptors could contribute to decline in executive control. Post-mortem studies and positron tomography studies of living brains have revealed age-related reductions in the numbers of dopamine D1 and D2 receptors in the frontal cortex, caudate, and putamen (de Keyser, de Backer, Vauquelin, & Ebinger, 1990; Wong et al., 1984) , regions of brain where we see greater age-related volumetric decline (Raz et al., 2005) . Additionally, age-related decreases in the concentration of dopamine receptors is correlated with various cognitive tasks, such 0278-2626/$ -see front matter Ó 2011 Elsevier Inc. All rights reserved. doi:10.1016/j.bandc.2011.03.017
